Branching ratios observed for D and B decays to final states a 1 (1260) ± X are comparable to those for corresponding decays to π ± X and ρ ± X and much larger than those for all other decays. Implications are discussed of a "vectordominance model" in which a W is produced and immediately turns into an axial vector, vector or pseudoscalar meson. Data for decays to all such final states are shown to have large branching ratios and satisfy universality relations. Upper limits on small strong phase differences between amplitudes relevant to CP violation models are obtained from analysis of the predicted and observed suppression of B o decays into neutral final states π o X o , ρ o X o and a o 1 X o . . Branching ratios of ≈ 1% are predicted for the as yet unobserved presence of the D s1 (2536) charmed-strange axial vector in B decays.
two-body decays D → a 1 (1260) ± X and B → a 1 (1260) ± X are comparable to those observed for π ± X and ρ ± X and contrast sharply with the much smaller branching ratios observed to a 2 X, b 1 X, and a o 1 X. In the simple quark model the a 1 , a 2 and b 1 mesons arepwave excitations which differ only in their spin and orbital angular momentum couplings.
However their weak couplings are very different. The charged a 1 couples to the weak axial vector current in the same way that the ρ couples to the vector current. The b 1 couples to a second-class axial vector current. The spin-2 tensor meson a 2 and the neutral a 1 cannot couple directly to the W .
The experimental systematics imply a crucial role for weak couplings in these dominant decay modes and suggest a description by a "vector-dominance" model like the diagram shown in fig. 1 for D o → K − M + decays in which the initial hadron state i decays to a final state f by emitting a W ± which then hadronizes into a charged vector, axial-vector or pseudoscalar meson, denoted by M
For the cabibbo-favored D and B decays the "vector-dominance" model gives:
where the subscripts S and W denote strong and weak form factors, q denotes u, d, s or c, M(sq)and M(qc) denote respectively mesons with the quark constituents sq and qc, the The experimental branching ratios shown in Tables I and II suggest 
B. Universality of vector dominance couplings
For all decays of the form (1.1) in which the W emitted in the transition i → f + W ± decays to an a 1 , ρ or π, the couplings to these three states should be universal. Thus
for all states i and f with corrections for phase space. For six decays where data are available, the prediction (1.5) gives
.44 ± .17 ≈ .35 ± .09 ≈ .38 ± .08 ≈ .41 ± .20 ≈ .40 ± .06 ≈ .30 ± .07 (1.8)
The prediction (1.6) gives
This impressive agreement for such widely different decays suggests further investigation.
Obvious other cases to examine with this vector dominance approach are in τ decays, where there are no final state interactions [1] , 
.1 ± 2.4% 1.47 ± 0.33% + 1.1 ± 0.5% = 2.6 ± 0.6% (1.15) In decays to neutral pion final states a similar suppression is observed for B decays but not in D decays, suggesting appreciable final-state charge-exchange scattering at the D mass but not at the B mass.
Strong form factors for final axial vector states are predicted to be suppressed with respect to those for pseudoscalars and vectors, because of the node in the axial vector wave functions. This is seen in two decays differing by these form factors,
Equal branching ratios are predicted and observed for two decays differing only by the strong factors of the scalar K * o (1430) and the axial K 1 (1270) which have very similar 3 P wave functions.
Interesting predictions analogous to but opposite to (1.17) arise for the doubly-cabibbo suppressed decays,
Here the axial K 1 (1270) + is produced by a weak form factor; the axial a 1 (1260) − must be produced by a strong form factor. by the interference between Cabibbo-favored for one and DCSD amplitudes [10] . Here the form factor difference enhances the interference by enhanceing the doubly forbidden and suppressing the favored amplitudes.
In D s decay this model predicts the large branching ratios observed to the final states 
suggests that the a
predicted by the vector-dominance picture.
II. SYMMETRY CONSIDERATIONS A. Relations from isospin invariance
The strong form factors [sq → M(sq)] S and [(cq) → M(cq)] S both conserve isospin.
Thus the partial widths of corresponding neutral and charged decays are equal in any model with the W completely separated from the transition in the hadron recoiling against the W .
where Γ denotes the partial width of the given decay mode. are mixtures of the same isospin (1/2) and (3/2) amplitudes [3] . Failure to observe the neutral state places an upper limit on the strong phase difference between these amplitudes which constrains models of CP violation. To obtain a quantitative limit for the relative phase φ, we write the amplitudes in terms of their isospin (1/2) and (3/2) amplitudes, denoted respectively as A 1 and A 3 , and set
Then for the example of B o →Dρ decays,
Since the isospin couplings are the same for all the related decays of the neutral B and D mesons into their charged and neutral decay modes, this relation gives a value for the relative strong phase between the two isospin amplitudes for all cases where the neutral mode is appreciably suppressed.
In the case above the experimental the upper limit [1] for the right hand side of eq.(2.5) is 0.06. Better upper limits on these neutral decays can provide better upper limits on strong phases.
B. Axial vector meson doublets and mixing
The observed (1.12) appreciable weak decay τ → W +ν → a 1 +ν indicates an appreciable weak form factor for the a 1 . The weak form factor for the b 1 is expected to be zero because it would be produced by a second-class current. Experiment seems to confirm that
But better upper limits on decays to the b 1 (1235) + are of interest.
The simple quark model describes the a 1 and b 1 states as p-wave excitations in L − S coupling with the two quark spins coupled to spin S = 1 or S = 0 and then to the orbital angular momentum L=1 to make two axial states, a scalar and a tensor. These states are also the eigenstates of SU(3) flavor symmetry and G-parity. 
Another follows the heavy-quark-symmetry approach of neglecting the spin-dependent interaction of the heavier quark [7] . The spin of the light quark is coupled with the orbital angular momentum L=1 to make states with j=1/2 and j=3/2. These then couple to the heavy quark spin 1/2 to make four states as two doublets, rather than a triplet and a singlet
In the SU(3) symmetry limit the two loop diagrams (2.7) exactly cancel and the states 
However we note that in the charged decays it is the K 1 (1400) + that is seen at approximately the same level as the K * o (1430) + while the K 1 (1270) + is not seen and its upper limit 7 × 10 − 3 is down by almost an order of magnitude.
BR[D
Differences in the way the two axial vector states K 1 (1400) 
But there is now the possibility of a Dκ → DKπ final state which would show up in the DKπ Dalitz plot as an apparent nonresonant background with the Kπ system in an S-wave.
III. ADDITIONAL DECAYS DESCRIBED BY VECTOR DOMINANCE
A. Cabibbo-suppressed decays
Diagrams including the Cabibbo-suppressed W-decay and W-production vertices, W + → us and c → W + d describe the singly-Cabibbo-suppressed charm decays,
where K + also denotes any strange resonance; e.g. K * (892)
can also produce the following "vector-dominance" diagrams for doubly-cabibbo-suppressed decays:
A in the favored decay is created by a combination of the strange antiquark from the weak vertex and the spectator u quark. This amplitude is expected to be suppressed because it involves a hadronic form factor overlap between the inital nodeless wavefunction and the p-wave, while the doubly-forbidden amplitude has the enhanced W → A vertex. The two interfering amplitudes may therefore be more nearly equal than in the Kπ case discussed in ref. [9, 10] . The decays to the π − K + A final state may be particularly advantageous for studies of this interference and measurement of the relative strong phase [10] .
B. Vector-Dominance Decays of the B c
The B c meson is identified against a large combinatorial background by decay modes including a J/ψ. Vector dominance decay modes including the J/ψ are expected to have relatively large branching ratios. These include: J/ψρ + , J/ψa
and J/ψD s . The corresponding modes with a ψ ′ instead of a J/ψ are expected to have comparable branching ratios.
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BR(D
− M + ) BR(D o M + ) BR(D * − M + ) BR(D * o M + )aD s 0.8 ± 0.3% 1.3 ± 0.4% 0.96 ± 0.34% 1.2 ± 0.5% D * s 1.0 ± 0.5% 0.9 ± 0.4% 2.0 ± 0.
FIG. 1.
Weak vector dominance diagram.
